Although the induction of myocyte apoptosis by ischemia-reperfusion (I/R) is attenuated by ischemic preconditioning (IPC), the underlying mechanism is not fully understood. Phosphatase and tensin homologs deleted on chromosome 10 (PTEN) promotes apoptosis through Akt-dependent and -independent mechanisms. We tested the hypothesis that IPC attenuates the mitochondrial localization of PTEN in the myocardium induced by I/R. Isolated hearts from wild-type mice were exposed to IPC or normal perfusion followed by 30 min of ischemia and reperfusion. IPC attenuated myocardial infarct size and apoptosis after I/R. Heart fractionation showed that mitochondrial PTEN and Bax protein levels and the physical association between them were increased by 30 min of I/R and that IPC attenuated all of these effects of I/R. Muscle-specific PTEN knockout decreased mitochondrial Bax protein levels in the reperfused myocardium and increased cell survival. To determine whether PTEN relocalization to mitochondria was influenced by I/R-induced production of ROS, hearts were perfused with N-acetylcysteine (NAC) to scavenge ROS or H2O2 to mimic I/Rinduced ROS. Mitochondrial PTEN protein levels were decreased by NAC and increased by H2O2. PTEN protein overexpression was generated in mouse hearts by adenoviral gene transfer. PTEN overexpression increased mitochondrial PTEN and Bax protein levels and ROS production, whereas muscle-specific PTEN knockout produced the opposite effects. In conclusion, myocardial I/R causes PTEN localization to the mitochondria, related to the generation of ROS; IPC attenuates the mitochondrial localization of PTEN after I/R, potentially inhibiting the translocation of Bax to the mitochondria and resulting in improved cell viability.
Bax; reperfusion injury; apoptosis; phosphatase and tensin homologs deleted on chromosome 10 EARLY REPERFUSION is an effective strategy to salvage the ischemic myocardium, but it has the potential to cause cardiac injury. Lethal ischemia-reperfusion (I/R) injury can be markedly limited by ischemic preconditioning (IPC), defined as one or several episodes of brief ischemia and reperfusion (30, 31) . It has been reported that IPC inhibits the production of ROS and prevents mitochondrial permeability transition pore (MPTP) opening in the heart upon reperfusion (1, 2, 6, 27, 35, 43) . Despite the importance of these events in cell death, the molecular mechanism responsible for I/R-induced apoptosis and the protection of IPC in the reperfused myocardium is not fully understood.
Apoptosis and necrosis coexist in the heart after I/R. Although Ͻ5% of cells are apoptotic in reperfused hearts, this type of cell death is actively regulated (9, 20) . Bax is a necessary mediator of apoptosis (33, 47) . In response to various stressors, including I/R, Bax translocates from the cytosol to the outer membrane of mitochondria, promoting the release of cytochrome c (47) . Bax deletion decreases myocardial I/R injury (19) . Necrotic cell death is caused, at least in part, by MPTP opening. After reperfusion, intracellular Ca 2ϩ elevation and increased ROS production trigger MPTP opening, leading to the depletion of ATP and loss of mitochondrial integrity (8, 14, 16, 18, 48) . IPC attenuates the increase in Bax protein levels in the reperfused myocardium and inhibits ROS production induced by I/R (32, 35) . However, the connection between ROS and mitochondrial Bax is not well defined.
Phosphatase and tensin homologs deleted on chromosome 10 (PTEN) is well known as a tumor suppressor. It is ubiquitously expressed in animals and humans. Under basal conditions, PTEN is heavily phosphorylated and mainly localized in the cytoplasm (45) . After dephosphorylation, PTEN moves to the plasma membrane, where it catalyzes the breakdown of phosphatidylinositol 3,4,5-trisphosphate into phosphatidylinositol 4,5-bisphosphate and P i (7, 34, 45) . PTEN is also found in the mitochondria (49) . Its biological function in the subcellular space has not been studied before in the heart. In the present study, we investigated the hypothesis that I/R increases the mitochondrial localization of PTEN and promotes apoptosis through Bax. We found that mitochondrial protein levels of PTEN and Bax were increased in the heart by I/R, that this effect was attenuated by IPC, and that mitochondrial Bax protein levels were associated with PTEN protein levels in reperfused hearts.
MATERIALS AND METHODS

Animals.
All experiments were performed with age-matched male mice. At the time of the experiments, mice were 8 -10 wk old. Wild-type (WT; C57BL6) mice were purchased from The Jackson Laboratory. Muscle-specific PTEN knockout (PKO) mice (Pten loxp/loxp ;ckm-Cre ϩ/Ϫ ) were generated by loxp-cre technology (50) . Pten loxp/loxp ;ckm-Cre Ϫ/Ϫ mice were used as the controls for PKO mice. Their phenotypes were as previously described (7, 50 Mouse Langendorff preparation. Mice were anesthetized by an intraperitoneal injection of pentobarbital (70 mg/kg). The Langendorff preparation was performed as previously described (5) . Briefly, the chest was opened, the heart was excised, and the ascending aorta was cannulated with a blunt needle. The heart was perfused at a constant pressure of 100 cmH 2O with modified Krebs-Henseleit buffer [containing (in mmol/l) 17 glucose, 120 NaCl, 25 NaHCO3, 2.5 CaCl2, 5.9 KCl, 1.2 MgSO4, and 0.5 EDTA], which was maintained at 37°C and bubbled continuously with a mixture of 95% O2 and 5% CO2. Global ischemia was induced by the cessation of perfusion followed by reperfusion.
Experimental protocol. Isolated hearts from WT mice were exposed to IPC, which consisted of 10 min of ischemia and 5 min of reperfusion (I-10/R-5) or an equivalent period of normal perfusion (NIS) followed by 30 min of ischemia and 120 min of reperfusion (I-30/R-120). Isolated hearts from PKO and control mice were directly exposed to I-30/R-120 after an initial 15 min of perfusion. At the end of the experiment, myocardial infarct size (IS) was measured by triphenyltetrazolium chloride (TTC) staining. Since apoptosis is progressively increased after reperfusion (37), we measured apoptotic cells and analyzed the accompanying molecular events at I-30/R-30. Because ROS levels decrease rapidly after reperfusion (22), we assessed ROS production at 1 min of reperfusion after 30 min of ischemia. To inhibit the burst of ROS after reperfusion, isolated hearts were perfused with N-acetylcysteine (NAC) before 5 min of ischemia and during 30 min of reperfusion. In other experiments, H 2O2 was added into the perfusion line by a syringe pump.
Assessment of myocardial IS. At the end of the experiments, mouse hearts were perfused with 1% TTC (dissolved in 0.9% NaCl) for 1 min and then incubated with 1% TTC at 37°C for 15 min. After being frozen at Ϫ80°C, hearts were transected into five pieces. Cardiac sections were incubated with 10% formalin for 30 min. Both sides (A and B) of each section were photographed. The areas of red and white color were measured by computerized planimetry (ImageJ, NIH, Bethesda, MD). IS was calculated as a percentage of the left ventricle (LV) as follows: IS/LV ϭ total weight of white tissue/weight of the LV ϫ 100%.
Heart fractionation. Cytosolic, mitochondrial, and nuclear protein fractions were extracted as previously described (25) . Heart tissue was homogenized and then centrifuged at 2,000 g at 4°C. The supernatant was collected and centrifuged for 10 min at 12,000 g, producing a cytosolic fraction in the supernatant and a mitochondrial fraction in the pellet. To obtain the nuclear-enriched fraction, the loose pellet from the first centrifugation was homogenized and suspended. This suspension underwent ultracentrifugation at 30,000 g for 45 min at 4°C. The pellet containing the nuclear fraction was resuspended in glycerol storage buffer. All subcellular fractions were stored at Ϫ80°C.
Measurement of ROS production. ROS production in perfused hearts was measured using the fluorescent probes dihydroethidium (DHE) and dihydrofluorescein (DHF) diacetate (DHFDA) as previously described (22, 42) . DHFDA passes through cell membranes and is converted to DHF by intracellular esterase and then oxidized to green fluorescein. DHF is trapped in the cell and is sensitive to oxidants (22) . DHE enters cells and reacts with oxidants to become ethidium, which binds to DNA and produces red fluorescence of the nuclei. Extracellular residential probes are washed out by KrebsHenseleit perfusion buffer before I/R. Hearts were loaded with DHE (5 mol/l) or DHFDA (20 mol/l) at a temperature of 37°C for 20 min followed by 5 min of washout. At the end of the experiment, hearts were homogenized in fresh Krebs-Henseleit buffer. Protein (50 g) from each sample was loaded into each well. Fluorescence intensity was measured in a 96-well plate by a multifunction plate reader (DHE: 540-nm excitation and 590-nm emission; DHF: 490-nm excitation and 535-nm emission).
TUNEL assay. A TUNEL assay was performed with the commercially available ApopTag® Plus In Situ Apoptosis Fluorescein Detection Kit according to the manufacturer's instructions. Briefly, heart tissue sections were fixed in 4% paraformaldehyde solution for 15 min. Proteinase K (100 l) was added to each slide. After fixation, sections were incubated with rTdT buffer at 37°C for 60 min. Reactions were terminated with 2ϫ SSC. After being washed, slides were mounted in Vectashield ϩ 4',6-diamidino-2-phenylindole to stain nuclei. All samples were analyzed under a fluorescence microscope.
PTEN overexpression by adenoviral gene transfer. PTEN-overexpressing hearts were generated as previously described (29) . WT mice were anesthetized by an intraperitoneal injection of pentobarbital (60 mg/kg). The heart was exposed under a stereomicroscope. A dose of 10 8 plaque-forming units (pfu)/30 l of Pten adenoviruses (adPten), which contained human Pten-expressing sequence, or empty vectors (adNull) (Vector Biolabs, Philadelphia, PA) was injected into the LV wall at three equidistant points by a 30-gauge syringe. Seven days later, hearts were isolated for measurements of protein levels and ROS production.
Immunoblot assay. Cardiac tissues were homogenized in lysis buffer [containing (in mM) 20 Tris (pH 7.5), 150 NaCl, 1 EDTA, 1 EGTA, 1 PMSF, and 1 Na 3VO4 with 1% Triton X-100]. Proteins were detected using primary antibodies followed by horseradish peroxidase-conjugated secondary antibody and enhanced chemiluminescence. Antibodies against PTEN (rabbit), Bax, p53, phosphorylated (p-)Akt (Ser 473 ), and total Akt were purchased from Cell Signaling Technology (Danvers, MA).
Statistical analysis. Data are presented as means Ϯ SE. Differences among groups were analyzed using Student's t-test or one-way ANOVA with the Tukey post hoc test. Differences were considered significant if P Ͻ 0.05.
RESULTS
IPC and PTEN deletion decreases cell death after I/R.
To demonstrate that both IPC and PTEN inactivation induce cardioprotection in isolated mouse hearts, we exposed isolated hearts from WT mice to NIS, I-30/R-120 (I/R), or I-10/R-5 ϩ I/R (IPC) and hearts from PKO and control mice to I/R. IPC significantly decreased myocardial IS compared with I/R (IS: 23 Ϯ 3% with IPC vs. 64 Ϯ 5% with I/R, P Ͻ 0.01; Fig. 1 ). PTEN deletion produced an IPC-like effect on myocardial IS (IS: 35 Ϯ 4% in PKO mice vs. 55 Ϯ 4% in control mice, P Ͻ 0.01; Fig. 1 ). We measured apoptosis after I-30/R-30. Most apoptotic cells were located at the border area between living and necrotic tissues. Both IPC and PTEN deletion significantly decreased TUNEL-positive cells (TUNEL: 0.7 Ϯ 0.2% with PTEN protein levels were decreased in I/R hearts, but this I/R effect was attenuated by IPC. p-Akt protein levels were increased in I/R hearts, but IPC attenuated the increase in Akt phosphorylation compared with I/R. B: PTEN protein levels were analyzed in cytosolic fractions from I/R and IPC hearts. PTEN protein levels were higher in IPC hearts than in I/R hearts. AU, arbitrary units. n ϭ 4. *P Ͻ 0.05, I/R vs. NIS or IPC.
IPC vs. 2.2 Ϯ 0.2% with I/R, P Ͻ 0.05, and 0.45 Ϯ 0.1% in PKO mice vs. 2.1 Ϯ 0.3% in control mice, P Ͻ 0.05; Fig. 2 ). These results demonstrate that both IPC and PTEN deletion induces cardioprotection against I/R injury.
IPC preserves whole cell and cytosolic PTEN protein levels in reperfused hearts. To determine whether the PTEN/Akt signaling pathway plays a role in IPC cardioprotection, we analyzed the protein levels of PTEN, p-Akt, and total Akt in whole cell lysates IPC attenuates the mitochondrial localization of PTEN and Bax induced by I/R. The mitochondria play a critical role in cell death (14, 30, 48) . We wondered whether IPC affects mitochondrial PTEN and Bax protein levels in the heart after I/R. We analyzed the protein levels of PTEN and Bax in the mitochondrial fraction of the heart after exposure to I-30/R-30 with or without IPC. I/R significantly increased mitochondrial PTEN (PTEN: 148 Ϯ 17 AU with I/R vs. 73 Ϯ 12 AU with NIS, P Ͻ 0.01; Fig. 4, A and B) and Bax (Bax: 137 Ϯ 15 AU with I/R vs. 5 Ϯ 4 AU with NIS, P Ͻ 0.01; Fig. 4, A and C) . Opposite to the effect on cytosolic PTEN levels, IPC significantly inhibited the increase in mitochondrial PTEN (PTEN: 24 Ϯ 7 AU with IPC vs. 148 Ϯ 17 AU with I/R, P Ͻ 0.01; Fig.  4, A and B) and Bax (Bax: 79 Ϯ 6 AU with IPC vs. 137 Ϯ 15 AU with NIS, P Ͻ 0.01; Fig. 4, A and C) . The levels of mitochondrial protein cytochrome c oxidase IV were unchanged. Although Akt phosphorylation was increased in the mitochondrial fractions of I/R and IPC hearts compared with NIS hearts, there was no significant difference between IPC Fig. 4 . IPC attenuates the mitochondrial localization of PTEN and Bax in reperfused hearts. Isolated hearts from WT mice were exposed to NIS, I-30/R-30 (I/R), or I-10/R-5 ϩ I/R (IPC); isolated hearts from PKO and CON mice were exposed to I/R. Heart fractionation was performed, and the mitochondrial fraction was then used for immunoblot assays. A: representative Western blots of PTEN, Bax, and cytochrome c oxidase (COX) IV. B and C: PTEN (B) and Bax (C) protein levels were increased in I/R hearts; the increase was attenuated by IPC and PTEN deletion. n ϭ 4. *P Ͻ 0.05, I/R vs. NIS or IPC; †P Ͻ 0.01, control vs. PKO hearts. D: the association between PTEN and Bax was attenuated in the mitochondria by IPC. Shown is a representative Western blot from 3 independent experiments. and I/R (Supplemental Material, Supplemental Fig. S1 ). 1 These results suggest that I/R increased PTEN and Bax translocation from the cytosol to the mitochondria. To determine whether Bax is related to PTEN in the mitochondria, we measured PTEN and Bax protein levels in the mitochondrial fraction from PKO and control hearts after exposure to I-30/ R-30. A decrease in mitochondrial PTEN protein levels was associated with a decrease in mitochondrial Bax protein levels (Bax: 3 Ϯ 2 AU in PKO hearts vs. 54 Ϯ 9 AU in control hearts, P Ͻ 0.01; Fig. 4, A and C) . We measured Akt phosphorylation in control and PKO hearts after I/R. Akt phosphorylation was modestly decreased in PKO hearts compared with control hearts (Supplemental Fig. S2 ). It has been reported that PTEN is physically associated with Bax in the mitochondria (49) . To determine whether IPC affects the physical association between PTEN and Bax in the mitochondria, we first pulled down PTEN protein with anti-mouse PTEN antibody from the mitochondrial fraction of WT hearts exposed to I/R or I-10/R-5 ϩ I/R (IPC). Immunoprecipitates were transferred to a membrane and blotted with anti-rabbit antibodies against Bax or PTEN. IPC attenuated the physical association between Bax and PTEN in the mitochondria (Fig. 4D) .
ROS promotes the mitochondrial localization of PTEN. Since mitochondrial PTEN protein levels were increased by I/R and attenuated by IPC, we wondered whether the changes were related to increased ROS levels. We measured ROS production in isolated hearts after they were exposed to I-30/ R-1 with or without IPC by DHE and DHF fluorescence assays. I/R increased fluorescence intensity (DHE: 1. Fig. 5B ). Since the changes in ROS levels with I/R and IPC were directionally similar to mitochondrial PTEN protein levels in WT mice, we wondered whether ROS promote the mitochondrial localization of PTEN in the heart. Isolated hearts were treated with 1 mmol/l NAC 5 min before ischemia and during 30 min of reperfusion after 30 min of ischemia (I/R-NAC). Hearts perfused with 1 mmol/l NAC for 35 min were used as controls. NAC attenuated the increase in mitochondrial PTEN levels caused by I/R (PTEN: 111 Ϯ 11 AU with I/R-NAC vs. 203 Ϯ 26 AU with I/R, P Ͻ 0.01; Fig. 6A ). Additionally, isolated hearts were treated with 50 mol/l H 2 O 2 for 30 min. H 2 O 2 significantly increased mitochondrial PTEN protein levels compared with nontreated hearts (PTEN: 89 Ϯ 6% in H 2 O 2 -treated hearts vs. 25 Ϯ 7% in control hearts, P Ͻ 0.01; Fig. 6B ). Therefore, these results suggest that mitochondrial PTEN protein levels are affected by ROS production after reperfusion.
Mitochondrial Bax protein levels and ROS production were associated with mitochondrial PTEN protein levels in mouse hearts.
To determine the role of mitochondrial PTEN in the regulation of Bax protein levels and ROS production, we first overexpressed PTEN in mouse hearts by adPten transfer. PTEN-overexpressing hearts were isolated for measurements of PTEN and Bax protein levels and ROS production. Whole PTEN protein levels were increased in adPten hearts (Supplemental Fig. S3A ) compared with adNull hearts. Moreover, mitochondrial PTEN protein levels were also increased in adPten hearts (PTEN: 91 Ϯ 5 AU in adPten hearts vs. 40 Ϯ 10 AU in adNull hearts, P Ͻ 0.01; Fig. 7A ). As expected, mitochondrial PTEN protein levels were decreased in PKO mice, which expressed less PTEN protein in the heart (Supplemental Fig. S3B ), compared with control mice (PTEN: 35 Ϯ 13 AU in PKO hearts vs. 111 Ϯ 14 AU in control hearts, P Ͻ 0.01; Fig. 7B ). Mitochondrial Bax protein levels were increased in PTEN-overexpressing hearts (Bax: 98 Ϯ 6 AU in adPten hearts vs. 43 Ϯ 18 AU in adNull hearts, P Ͻ 0.05; Fig. 7A ) and were decreased in PKO hearts (Bax: 37 Ϯ 2 AU in PKO hearts vs. 94 Ϯ 27 AU in control hearts, P ϭ 0.06; Fig. 7B ). Consistent with these results, ROS production was increased in PTEN-overex- 1 Supplemental Material for this article is available at the American Journal of Physiology-Heart and Circulatory Physiology website. Fig. 5 . ROS production is attenuated by IPC or PTEN knockout in the heart after I/R. Hearts from WT mice were exposed to NIS, I-30/R-1 (I/R), I-10/R-5 ϩ I/R (IPC). ROS production was measured by dihydroethidium (DHE; A) and dihydrofluorescein (DHF; B) fluorescence assays. ROS production was increased after I/R. The effect was attenuated by IPC. ROS production was decreased after I/R in PKO hearts compared with control hearts. n ϭ 4. *P Ͻ 0.05, I/R vs. NIS or IPC; †P Ͻ 0.05, PKO vs. control hearts.
pressing hearts (DHF: 1.2 Ϯ 0.1 ratio in adPten hearts vs. 1.0 Ϯ 0.0 ratio in adNull hearts, P Ͻ 0.05; Fig. 7C ) and decreased in PKO hearts (DHF: 0.6 Ϯ 0.1 ratio in PKO hearts vs. 1.0 Ϯ 0.0 ratio in control hearts, P Ͻ 0.05; Fig.  7D ). These results suggest that an increase in mitochondrial PTEN may result in an increase in mitochondrial Bax through a physical association between the two proteins and promote ROS production in the heart.
DISCUSSION
Here, we report that IPC attenuates the mitochondrial localization of PTEN induced by I/R. We analyzed PTEN protein levels in mitochondrial and cytosolic fractions in hearts after they had been exposed to I/R in the absence or presence of IPC. Although PTEN protein levels were decreased in whole cell lysates after I/R, mitochondrial PTEN levels were increased, suggesting that I/R promotes the translocation of PTEN from the cytosol to the mitochondria. IPC preserved cytosolic PTEN protein levels and attenuated its mitochondrial localization. Furthermore, we showed that I/R causes an increase in mitochondrial Bax protein levels, which is inhibited by IPC. Importantly, we showed that mitochondrial Bax protein levels are physically associated with mitochondrial PTEN levels in reperfused hearts. Because Bax plays an essential role in mediating I/R injury, our study suggests that IPC may mediate cardioprotection through inhibition of the mitochondrial localization of PTEN.
Although the phenomenon of IPC has been known for more than two decades, its underlying mechanisms are still not fully understood. Murry et al. (31) reported that there was a 75% reduction in myocardial IS after dogs had been exposed to IPC consisting of four cycles of 5 min of ischemia and 5 min of reperfusion (I-5/R-5). Later, it was reported that a single cycle of I-5/R-5 can be as effective as multiple cycles in cardioprotection (24) . However, the protective effect of IPC appears to be dependent on the duration of ischemia. A 10-min period of ischemia produced better protection than 3 min of ischemia in pigs (39) . Adenosine, bradykinin, and opioids, which are generated in the myocardium during ischemia, have been shown to trigger cardioprotection when infused before prolonged I/R (12, 13, 26, 38, 46) . These substances activate several protein kinases, including Akt, PKC, and Erk1/2, before prolonged ischemia (10, 11, 28, 44) . Because of their prosurvival characteristics, they have been termed survival protein kinases. However, it is still controversial whether IPC increases the phosphorylation of survival protein kinases in the heart after I/R. Hausenloy et al. (15) showed that the phosphorylation of Akt and Erk1/2 was increased in reperfused hearts after IPC. Recently, Clarke et al. (6) reported that IPC did not increase the phosphorylation of survival protein kinases in the heart after I/R, and no change in mitochondrial protein phosphorylation was found. The present study shows that Akt phosphorylation is modestly decreased in preconditioned hearts after I/R, and this result is consistent with the change in PTEN protein levels in whole cell lysates. It has been reported that IPC mediates cardioprotection by decreasing Bax protein levels in reperfused hearts (32) . Our study demonstrates, for the first time, that IPC decreases Bax protein levels in the mitochondria and that decreased Bax may result from attenuated mitochondrial localization of PTEN.
Mitochondria are located beneath the sarcolemma and between myofibrils in cardiomyocytes. Subsarcolemmal mito- chondria can be separated from interfibrillar mitochondria by 10 min of centrifugation at 800 g (3) . In the present study, the mitochondria were obtained from the supernatant after the centrifugation at 2,000 g. Therefore, the mitochondria used in this study were subsarcolemmal mitochondria. It has been shown that subsarcolemmal mitochondria contain connexin43, which is required for IPC (3, 40) . Although PTEN physically interacts with Bax and likely stabilizes it in the mitochondria after I/R, more studies are needed to determine whether mitochondrial localization of PTEN has an effect on connexin43 protein levels. In the present study, the role of Akt phosphorylation is not clear in reperfused hearts. Both IPC and I/R increased Akt phosphorylation in whole cell lysates and mitochondrial fractions compared with basal conditions, but IPC failed to further raise the level of Akt phosphorylation compared with I/R alone. A similar observation has been reported in postconditioned pig hearts (41) . In that study, postconditioning increased Akt phosphorylation in pig hearts, but the effect was not different from that of immediate reperfusion. Cardioprotection can be mediated by Akt-independent pathways, such as the TNF-␣ pathway (11, 17, 21) . Further studies are needed to determine whether PTEN regulates TNF-␣ signaling in reperfused hearts.
It is widely known that ROS play an important role in mediating reperfusion injury (4, 43) . Reperfusion after ischemia results in a burst of ROS, including H 2 O 2 . In the present study, we demonstrated that H 2 O 2 increases the mitochondrial localization of PTEN in isolated hearts. Furthermore, it is inhibited by the ROS scavenger NAC. Therefore, the mitochondrial localization of PTEN by I/R is attributed to increased ROS production. It has been reported that IPC attenuates ROS production after I/R (22) . Decreased ROS production by IPC may attenuate the localization of PTEN in the mitochondria, leading to a decrease in Bax translocation and apoptosis. Indeed, the present study showed PTEN protein levels are associated with Bax protein levels in the mitochondria. It has been reported that mitochondrial Bax promotes ROS production (23) . It appears that IPC attenuates ROS production after reperfusion and breaks a vicious cycle in which increased ROS production precipitates PTEN localization to the mitochondria and then increased mitochondrial PTEN promotes Bax translocation and ROS production.
Although more necrotic cells are present in nonpreconditioned hearts, increased PTEN and Bax protein levels in the mitochondria after I/R cannot be simply attributed to membrane damage. The mitochondrial fraction was collected from the pellet after high-speed centrifugation. Damaged cells would release PTEN and Bax proteins into the buffer, which would be recovered in the cytosolic fraction. Moreover, control protein cytochrome c oxidase IV levels were not different in the mitochondrial fraction.
In conclusion, IPC attenuates the mitochondrial localization of PTEN protein in reperfused hearts, likely through a decrease in ROS production. The IPC-mediated attenuation of PTEN relocalization may decrease mitochondrial Bax protein levels and limit apoptosis. Therefore, inhibition of mitochondrial localization of PTEN during reperfusion may be a novel approach for limiting myocardial I/R injury.
GRANTS
This work was supported by National Heart, Lung, and Blood Institute Grants HL-65608 and HL-88071.
